Introduction
The CD4 cell surface receptor is expressed on many mouse or human cell populations, namely, on very early T-cell precursors (CD4 Low CD44 ϩ CD25 Ϫ ), on immature double-positive (DP) CD4 ϩ CD8 ϩ T cells, on mature single-positive (SP) CD4 ϩ CD8 Ϫ T cells, 1,2 and on a subpopulation of CD8␣ Ϫ dendritic cells (DCs). 3, 4 In humans, CD4 is also expressed in monocytes, macrophages, microglial cells, and some DCs. 5, 6 Several regulatory elements of the murine and human CD4 genes (mCD4, hCD4) have been identified and tested in transgenic (Tg) animal studies (reviewed by Ellmeier et al 1 and Killeen and Littman 2 ). We have exploited the structural homology, but the different patterns of expression, of the mCD4 and hCD4 genes and made chimeric mCD4/hCD4 transgenes, to map more precisely the regulatory regions of the hCD4 gene controlling its expression in macrophages and in DCs.
Study design

Tg mice
Constructs CD4A, CD4B, and CD4C were described previously. 7 Other constructs were generated from the CD4C DNA by replacing the 2.6-kilobase pair (kbp) SacI fragment with the mouse promoter (CD4E), or the 9-kbp EcoRV-XbaI fragment with the murine silencer (0.5 kbp) (CD4F), or by deleting the 6-kbp EcoRV fragment (CD4H). Tg mice were generated as described elsewhere. 7 
Flow cytometry
Cell suspensions were prepared from lymphoid organs and stained with antibodies, as previously described. 7 Peritoneal macrophages were plated overnight. Between 80% and 95% of them stained positive for Mac-1 ( Figure 2B ), Mac3, and F4/80 (data not shown). DCs were isolated from lymph node (LN) 8 and thymus. 9
Results and discussion
The Tg mice harboring 6 different DNAs were generated ( Figure  1 ). Northern blot analysis revealed that expression was highest in the thymus but was also detectable in the spleen and LNs, and was negative in all other organs tested (liver, heart, kidney, lung, intestine, muscle, brain; data not shown). This result is consistent with previous studies indicating that the human and mouse CD4 promoter/enhancer alone or in combination is sufficient to restrict expression to hematopoietic tissues. 7, [10] [11] [12] [13] As expected, the level of expression varied among different founders carrying the same construct, an effect most likely related to the site of integration of the inoculated DNA.
Expression of hCD4 in DP CD4 ؉ CD8 ؉ T cells Fluorescent-activated cell sorter (FACS) analysis showed that DP and SP CD4 ϩ thymocytes of CD4E, CD4F, and CD4H Tg mice expressed the hCD4 reporter at high levels, similar to CD4C Tg mice 7 (data not shown). Deletion of most of intron 1 (CD4F) or substitution of the human for the mouse promoter (CD4E) did not significantly change expression in the thymic T cells. Therefore, the CD4E and CD4F transgenes contain all the regulatory elements required for promoting CD4 expression in DP T cells. This result is in agreement with data from other groups who used similar human 14, 15 or mouse 10 constructs. In contrast, other Tg mice harboring apparently similar mCD4 16, 17 or hCD4 18, 19 constructs did not express their reporter gene in the CD4 ϩ CD8 ϩ DP T cells, while retaining expression in the SP CD4 ϩ T cells. These discrepancies may reflect the presence or not of intronic element(s), just in front of exon 2, required for the expression in DP T cells and identified by Rushton and colleagues 20 as the proximal promoter.
Silencing of the CD4 promoter in SP CD8 ؉ T cells
In all Tg lines, including in most new lines (CD4E, F, H), expression of hCD4 in spleen and LNs was not detected on B cells and was restricted to T cells, almost exclusively on mature CD4 ϩ CD8 Ϫ T cells (80%-90%, Table 1 , data not shown). The SP CD8 ϩ T cells from CD4E and CD4H (about 10%-18%), but not from CD4F (Ͻ3%) Tg mice expressed hCD4 ( Figure 2A , Table 1 , data not shown), indicating that switching the human with the mouse promoter (CD4E) or deleting a large portion of the intron 1 (CD4H, CD4F) had no effect on the expression on CD4 ϩ T cells. These results also showed that the mouse silencer, 10, 11 in the context of the human promoter (CD4F), appears to be more effective in shutting off expression in CD8 ϩ T cells than the human silencer 14 (CD4H, CD4C) . The human silencer may require additional collaborative sequences, not yet identified, to be fully operative.
Transgene expression in peritoneal macrophages
In CD4A, CD4C, and CD4H Tg mice, hCD4 was expressed on over 85% of peritoneal macrophages (Mac-1 ϩ ) 7 ( Figure 2B , Table  1 ). However, macrophages from the CD4E and CD4F Tg mice showed very low or undetectable levels of expression. These results suggest that expression in macrophages requires the concomitant presence of 2 hCD4 sequences: one located in the 2.6-kbp promoter and a second (about 3.5 kbp) in the 5Ј intron 1 region (Figure 1 ).
Transgene expression in DCs
Because macrophages and DCs can be derived from the same myeloid precursor and because the 2 major mouse subpopulations of DCs ("myeloid" CD11c ϩ CD11b ϩ CD8␣ Ϫ and "lymphoid" CD11c ϩ CD11b Ϫ CD8␣ ϩ ) are thought to fulfill different functions in vivo, 21 it was of interest to compare transgene expression in these DC subpopulations. This comparative analysis was carried out on purified DCs from peripheral LNs and from thymus. The data are shown for DCs expressing either a myeloid (CD11c ϩ CD11b ϩ ) or a lymphoid (CD11c ϩ CD8␣ ϩ ) phenotype.
In CD4A, CD4C, CD4E, and CD4H Tg mice, expression of hCD4 was detected in high proportion (80%) on both CD11b ϩ and CD8␣ ϩ LN DCs, as well as on thymic CD8␣ ϩ DC ( Figure 2C ). The CD4F Tg DC express the reporter gene at low or undetectable levels on few (1%-9%) myeloid DCs and on a significant proportion (11%-40%; depending on founder lines) of lymphoid DCs ( Figure 2C ). Thus, some DC regulatory elements appear to reside in the promoter, the larger remaining fragment in CD4F DNA. The mouse enhancer appears to be dispensable for expression in DC (CD4A), as in macrophages. 7 The fact that the same hCD4 regulatory sequences allow expression in both myeloid and lymphoid murine DCs contrasts with the mCD4 expression that appears to be restricted to CD8␣ Ϫ subpopulations both in the spleen 4 and in LNs. 3 Interestingly, the murine promoter, which was unable to direct expression in macrophages by itself, could nevertheless promote expression in DCs (CD4E). This result indicates a distinct requirement of these 2 populations for expression of the hCD4 gene and suggests that the myeloid-specific element is most likely present in the 3.5-kbp 5Ј end intron 1 fragment remaining in CD4H. This work confirms earlier studies in lymphoid T cells on the importance of some regulatory elements within the CD4 gene, the distal promoter, [22] [23] [24] the proximal promoter, 20 the proximal and distal enhancers, 13, 25, 26 and the silencer, 10, 11, 14 and extends them significantly for macrophages and DCs. 
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